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Claims 

1. A ceramic crown manufacturing method characterized in that a ceramic porous body 
formed into a crown shape is impregnated with a solution of a heat decomposable metal salt, and 
after voids in said porous body are filled with a heat decomposed compound of said metal salt by 
heating, said porous body and said filler are integrally sintered and densified. 

2. The manufacturing method described in Claim 1 wherein the ceramic forming the 
aforementioned porous body is zirconia, alumina, mullite, silica or titania. 

3. The manufacturing method described in Claim 1 wherein the aforementioned heat 
decomposable metal salt is a Zr salt, Al salt, Y salt, Mg salt or Ca salt. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a manufacturing method for a ceramic crown that has a 
natural tooth-like appearance. 

Prior art 

In the past, metal materials and resin materials have been widely used as crown materials, 
but there are problems as follows. 

Namely, in metal crowns, the metal color noticeably detracts from appearance, so the 
crowns cannot be for front teeth that are easy [to see]. They also have poor affinity with the gums, 
and there are problems with gingival discoloration and the like. 

On the other hand, with resin crowns, the resistance to abrasion is inferior, and because of 
the low strength, they break easily due to chewing pressure when in use. In addition, there are 
problems such as that resin deterioration in the mouth occurs over the years and residual polymer 
materials added during resin crown manufacture have an adverse effect on the body. 

As improvements, so-called baked porcelain crowns using a metal crown as the core and 
baking a porcelain material on top or crowns called metal bonded crowns are being used. However, 
the following problems still remain. Namely, disadvantages include that at the portion contacting 
the gums, the porcelain material on the metal core is thin, the metal color is visible through the 
gums, which results in a poor appearance, and compatibility with the gums is poor. 

Very recently, with an increase in social consciousness concerning aesthetics, ceramic 
crowns have been developed and some are being put into use to solve all of the aforementioned 
problems. For example, there are mica crystalline glass ceramic crowns and apatite crystalline 
glass ceramic crowns. 

However, the strength and toughness of the aforementioned class ceramic crowns is low, 
and they have the disadvantage of being easily broken when fitted or when chewing. In addition, in 
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order to overcome this, there are also disadvantages, e.g., the tooth resection must naturally be 
larger, and the applicable cases are limited. 

To improve this, polycrystalline ceramic crowns that have high strength and high 
toughness have been considered, but there are fatal disadvantages in polycrystalline ceramic 
crowns. Namely, with polycrystalline ceramic, generally a powdered raw material is used as the 
starting material, and after molding by injection molding, casting or pressure molding, they are 
sintered. During this, although it varies depending on the particle size distribution and the 
characteristics of the ceramic powder, the sintering conditions and manufacturing method, a linear 
contraction of roughly 15-25% occurs from the original dimensions. 

Namely, when a molded body made by copying the crown mold shape from an anchor 
tooth is sintered, contraction occurs, making fitting to the anchor tooth impossible. 

As a method to improve this, in Japanese Kokai Patent Application No. Sho 
64[ 1989]-76848 "Ceramic Crown Manufacturing Method," there is described a means for 
producing in advance many types of ceramic crowns close to the size of anchor teeth, selecting 
them matched to the anchor teeth, and fusing portions not conforming dimensionally with glassy 
build-up and firing. The preparation of many types of ceramic crowns itself has problems, e.g., the 
cost becomes very high, it is complicated, and a glassy build-up process is included, and 
polycrystalline ceramic crowns of high strength and high toughness that can be manufactured in 
the workshop have not been developed. 

Problems to be solved by the invention 

The present invention was devised in consideration of the aforementioned problems with 
the objective of providing a polycrystalline ceramic crown manufacturing method that controls 
dimensional contraction during sintering, and furthermore, with which high-strength and 
high-toughness material characteristics are obtained. 

Means to solve the problems 

The present inventors conducted focused research concerning the aforementioned 
problems and as a result obtained new knowledge as follows. 

(1 ) After impregnating a ceramic porous body formed into a crown shape with a solution of 
a heat decomposable metal salt and filling the voids in said porous body with a heat decomposed 
compound of said metal salt by heating, when said porous body and said filler are sintered 
integrally, a sintered body that is dense with no dimensional contraction and that has high strength 
and high toughness is obtained. 

(2) The ceramic for forming the aforementioned porous body is preferably zirconia, 
alumina, mullite, or silica. 
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(3) The aforementioned heat decomposable compound is preferably a Zr salt, an Al salt, a 
Y salt, an Mg salt or a Ca salt. 

The knowledge above was obtained. 

The present invention was devised based on the knowledge above. 
Operation 

The best features of the present invention are the impregnating of a metal salt solution into 
a ceramic porous body and the filling with a heat decomposed compound of the metal salt, and a 
mechanism to deter dimensional contraction during sintering using that. 

When no filling with a heat decomposed compound of metal salt is present after a ceramic 
porous body is impregnated with a metal salt solution, the ceramic porous body undergoes 
significant contraction with sintering. 

By filling with a heat decomposed compound of a metal salt after a ceramic porous body is 
impregnated with a metal salt solution, voids in the ceramic porous body are reduced, so the 
contraction caused by sintering is extremely small. 

The ceramic porous body of the present invention should preferably exhibit a white 
coloration from the aspect of aesthetics, and representative of such are zirconia, mullite, alumina 
and silica. For the heat decomposable metal salt of the present invention, it is preferable that the 
coloration after heat decomposition be close to white. Salts of metals that change to white oxides 
with oxidation, such as Zr salts, Al salts, Y salts, Mg salts, Ca salts and Si salts, are suitable. For 
example, zirconium oxychloride, zirconium carbonate, ammon, zirconium sulfate, zirconium 
nitrate, zirconium acetate, aluminum chloride, and yttrium chloride are representative of this. 

The base material for the ceramic porous body, in addition to the aforementioned single 
compositions, could also be a complex composition of two or more ceramics, for example, a 
complex composition of zirconia and mullite or the like. 

In addition, the heat decomposable metal salt could also be a mixture of multiple metal 
salts or only a single metal salt. 

Prior to sintering, air holes in the porous body must be filled with a heat decomposed 
compound of the metal salt. For this purpose, the impregnation with the metal salt must be 
repeated multiple times. 

In order to reduce the number of impregnations, it is preferable that the metal salt 
concentration be as high as possible. 

Although varying according to the characteristics of the type of solution, the solution 
concentration is roughly 15-50%. In addition, for the number of impregnations, 5-15 times is a 
general gauge, and the degree of saturation filling can be ascertained by calculating the rate of 
increase in weight of the ceramic porous crown. 
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Concerning the heat decomposition temperature, a lower temperature is desirable in terms 
of practicality, and while it differs according to the metal salt, 400°C-1000°C is the general range. 

The total rate of contraction of the ceramic crown of the present invention can be reduced 
to 2% by filling with a heat decomposed compound of a metal salt after impregnating with a 
solution of heat decomposable metal salt, and because void portions in the ceramic porous body 
are left behind as unconnected holes, the weight increase due to impregnation is checked to that 
extent. Although differing according to the particle shape of the ceramic porous material, the void 
rate, and wettability, approximately 85% of theoretical density seems to be the saturation point. 

The remaining 2% contraction rate can be compensated for using expanding gypsum or 
resin in the process of copying during casting mold production by obtaining the tooth impression. 

Concerning production of the crown, an anchor tooth model is obtained in crown 
production for casting, and the same processes can be used up to wax build-up. After this, [the 
crown] is fit after undergoing casting, impregnation, heat decomposition, sintering, glassy 
build-up, firing, and color firing to adjust the coloration. 

Application examples 

The present invention will be explained in detail using application examples. 

Application Example 1 

Ceramic porous body: zirconia (Z1O2-Y2O3 3 mol%) 
Heat decomposable metal salt: zirconium oxychloride 

yttrium chloride 

About 1.5-1.7 mm was removed around the entire periphery from a front tooth in a 
Japanese macaque with a dental grinding bar, and an anchor tooth was formed. Next, rubber for 
taking dental impressions was pressed onto the anchor tooth and an impression model was made. 
An expanding gypsum slurry was additionally poured into the impression and hardened, expanded 
2.5%, and a gypsum anchor tooth model was obtained. 

Wax was built up on the anchor tooth, a wax crown was produced, and the wax crown was 
removed from the anchor tooth. Here, the wax crown thickness differs depending on the location, 
but it is roughly 1.0-1.2 mm. 

A casting opening made of the same type of wax was attached to one end of the wax crown, 
it was immersed in a slurry containing an inorganic powder and inorganic binder for a decaying 
casting mold, and while gradually heated, the wax was removed and a decaying casting mold was 
formed at 500°C. 

The slurry composition for producing a ceramic porous body crown is as follows. 
Zi rconi a powder: 1 00 parts 
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H 2 0: 22.5 
Ammonium polycarbonate: 0.5 
Methylcellulose: 0.5 

The composition above was wet mixed for 16 h with a ball mill, a slurry was produced, it 
was injected under pressure into the decaying casting mold, impression molding was performed, 
and after decay of the casting mold, the produced form was removed. The casting opening attached 
to the crown was cut off, and with calcining in an electric furnace at 800°C x 1 h, a ceramic porous 
body was obtained. It was satisfactory with no cracking or deformation seen in the ceramic porous 
body. 

Separately from this, zirconium oxychloride and yttrium chloride to give an equivalent 
Zr02/Y 2 03 mol ratio = 97/3 using heat decomposition were weighed out, distilled water was added, 
and an impregnating solution was produced. 100 g of this solution will produce 35 g of heat 
decomposed Z1O2-Y2O3 after sintering. 

The aforementioned ceramic porous crown was immersed in the impregnating solution, 
and by completely replacing the air in the voids of the porous body with the impregnating solution 
by reducing the pressure, the porous body voids were impregnated with the solution at a high 
efficiency. This operation reached the saturation weight in 5 min. 

The ceramic porous body was removed from the solution, excess solution adhered to the 
crown surface was promptly wiped off, it was rapidly heated (about 3 min) to 600°C with an 
electric heater, the metal salt solution was dried and heat decomposed, and the voids in the ceramic 
porous body were filled with heat decomposed compound. When the impregnation and heat 
decomposition operations were repeated, the rate of weight increase after heating decreased from 
about the 8 th time, filling became impossible the 10 th time, and the operations were ended. 

When the crown was sintered at 1250°C x 1 h, it contracted 2.1% from the ceramic porous 
crown dimensions, no deformation or cracking was visible externally, and a satisfactory white 
dense body was obtained. 

Incidentally, with no impregnation, when sintered at 1250°C x 1 h, a contraction rate of 
9.8% was exhibited and [the crown] was still water absorbent. 

When provisionally fit onto the anchor tooth gypsum model (regular non-expanding 
gypsum used), the impregnated ceramic crown matched perfectly. In the case of no impregnation, 
fitting was completely impossible. The impregnated ceramic crown was +0.40% with respect to 
the original dimensions, and conformity was extremely good. When a 40 x 40 x 4 mm sheet 
material was used, with manufacture under the same conditions, when impregnated, it 
demonstrated a flexural strength of 60.8 kg/mm 2 and a toughness of KIC = 6.7 MN/m 3/2 (average 
of 5 points). When not impregnated, with a flexural strength of 15 kg/mm 2 and KIC=2.2 MN/m 3/2 f 
the significant effect of using impregnation was recognized. 



Incidentally, for a commercial mica polycrystalline glass ceramic, the flexural strength is 
around 15 kg/mm 2 and the KIC = 1.5 MN/m 3 ' 2 , so compared with this, the ceramic crown of the 
present invention also has higher strength and higher toughness. 

Here, the ceramic crown was additionally fired at 1000°C with a glassy build-up on the 
anchor tooth, a color coating for adjusting coloration was fired on (950°C), and the crown was fit 
onto the front tooth of the Japanese macaque using dental cement. The fit was satisfactory with no 
hindrance to the chewing function when chewing or no damage seen. 

Application Example 2 
Ceramic porous body: alumina 
Heat decomposable metal salt: Zirconium nitrate 

Calcium chloride 

About 1.5-1.8 mm was removed around the entire periphery from a molar in a Japanese 
macaque with a dental grinding bar, and an anchor tooth was formed. Next, rubber for taking 
dental impressions was pressed onto the anchor tooth, and an impression model was made. An 
expanding gypsum slurry was additionally poured into the impression and hardened, expanded 
2.5%, and a gypsum anchor tooth model was obtained. 

Wax was built up on the anchor tooth, a wax crown was produced, and the wax crown was 
removed from the anchor tooth. Here, the wax crown thickness differs depending on the location, 
but it is roughly 1.0-1.2 mm. 

A casting opening made of the same type of wax was attached to one end of the wax crown, 
it was immersed in a slurry containing an inorganic powder and inorganic binder for a decaying 
casting mold, and while gradually heated, the wax was removed and a decaying casting mold was 
formed at 500°C. 

The slurry composition for producing a ceramic porous body crown is as follows. 
Alumina (average particle diameter 0.3 \im): 100 parts 
H 2 0: 20.5 
Ammonium polycarbonate: 0.5 
Acrylic binder: 1.0 

The composition above was wet mixed for 16 h with a ball mill, a slurry was produced, it 
was injected under pressure into the decaying casting mold, impression molding was performed, 
and after decay of the casting mold, the produced form was removed. The casting opening attached 
to the crown was cut off, and with calcining in an electric furnace at 800°C x 1 h, a ceramic porous 
body was obtained. It was satisfactory with no cracking or deformation seen in the ceramic porous 
body. 
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Separately from this, zirconium oxychloride and calcium chloride to give an equivalent 
ZrCtyCaO mol ratio = 97/3 using heat decomposition were weighed out, distilled water was added, 
and an impregnating solution was produced. 100 g of this solution will produce 25 g of 
decomposed ZrC>2-CaO after sintering. 

The aforementioned ceramic porous crown was immersed in the impregnating solution, 
and by completely replacing the air in the voids of the porous body with the impregnating solution 
by reducing the pressure, the porous body voids were impregnated with the solution with high 
efficiency. This operation reached saturation weight in 5 min. 

The ceramic porous body was removed from the solution, excess solution adhered to the 
crown surface was promptly wiped off, it was rapidly heated (about 3 min) to 650°C with an 
electric heater, the metal salt solution was dried and heat decomposed, and the voids in the ceramic 
porous body were filled with heat decomposed compound. When the impregnation and heat 
decomposition operations were repeated, the rate of weight increase after heating decreased from 
about the 10 th time, filling became impossible the 14 th time, and the operations were ended. 

When the crown was sintered at 1350°C x 1 h, it contracted 2.6% from the ceramic porous 
crown dimensions, no deformation or cracking was visible externally, and a satisfactory white 
dense body was obtained. 

Incidentally, with no impregnation, when sintered at 1350°C x 1 h, a contraction rate of 
8.7% was exhibited, and [the crown] was still water absorbent. 

When non-expanding gypsum was used and provisionally fit to the anchor tooth gypsum 
model obtained (regular non-expanding gypsum used), the impregnated ceramic crown matched 
perfectly. In the case of no impregnation, fitting was completely impossible. The impregnated 
ceramic crown was +0.10% with respect to the original dimensions, and the conformity was 
extremely good. When a 40 x 40 x 4 mm sheet material was used with manufacture under the same 
conditions, when impregnated, it demonstrated a flexural strength of 45 kg/mm 2 and a toughness 
of KIC = 6.5 MN/m 3/2 (average of 5 points). When not impregnated, with a flexural strength of 
27 kg/mm 2 and KIC=1.9 MN/m 3/2 , the significant effects using impregnation were recognized. 

Incidentally, with a commercial mica polycrystalline glass ceramic, the flexural strength is 
around 15 kg/mm 2 and KIC = 1.5 MN/m 3/2 , so compared with this, the ceramic crown of the 
present invention also has higher strength and higher toughness. 

Here, the ceramic crown was additionally fired at 1000°C with a glassy build-up on the 
anchor tooth, a color coating for adjusting coloration was fired on (950°C), and the crown was fit 
onto the molar of the Japanese macaque using dental cement. The fit was satisfactory with no 
hindrance to the chewing function when chewing or damage seen. 



Effect of the invention 

(1) It has high strength and high toughness. 

(2) Dimensional precision is high (contraction during sintering is deterred). 

(3) Aesthetic features are high. 

(4) It is inexpensive. 
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Wbfc. C<03». BBflBBftoBOSUfTofc*;:*, 
1 ORB<r6ti»6BM<DBMttQB0i »'>U 14EB 

CQBaBBBFCT 1.35 ODx 1 h r . fcftTTB 

estates, t74yfWi»fflB>ra6»62. 6%« 
wo, ^B±tts»nn««<. fi»^fie*«Be»*su 

6ft9C. SB*fTO'il>«S, 1. 350T;xlhr. 

*ftTT«isu/£B&, i&ma. 7%**u m* 

BfcCBBBCBCB«\ 8fcbfc£6BEB«32 (SB 

sot. s»bfcti7^y^«aB±BSi6B5««g! i »rtt 

+0. 10%T»0> «»TB&tt#fi<, 3* 
4 0x4 0x4mm««*ffil\ ffl-BftT'eiiaL.fcBS, 
S»Lfct>fl3B^a«4 5ko/mm» , fg&K I C- 



6. 5/ / m» (5Bm **U SHSLfc^fcWtt, Mf 
«S2 7ko/mm» . WtKIC-1. 9MN/m*fca 

I/BB1 5 kg/mm* , K I C-1. 5MN/nT*tt»T- 

&», 3SCtr7*y*ffl£*£fc«±rtf7;*BHB, 
1. OOOTJTBBtf, eWBBffl»5-3-T«>7«tt 
B (9 501!) L», BBBt^»CTB«BQBlC883 
ttfc. «BrTS9BdBBBB. BBUBB*. fi 

tf&ttBTfcofc. 

( 1 ) BBB. SWiTfc*. 

(2) TOMftJIW <BBS©iR«tf»±3n*) . 
(3>»3&tttf8^. 

(4) gfirea. 

BBJBBA BaStt 8 B tt 
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